ferase (EC 2.6. 1. 1) or porcine malate dehydrogenase (EC 1.1.1.37). It markedly prolongs the usefulness of substrates in assays for estimating aspartate aminotransferase activity (aspartate substrate without azide deteriorates in less than 24 h at 25 #{176}C) and does not atfect results obtained in assays in which activity is continuously monitored. It also has no effect on chromophore development or absorption spectra in 2,4-dinitrophenyihydrazine-coupled assays, but it eliminates oxalacetate-diazonium salt chromophore formation, thus making it unsuitable for use in this assay. At concentrations greater than 100 mmol/liter it inhibits activities of both enzymes. Azide also catalyzes the ketoenol tautomerization of oxalacetate.
AddItIonal Keyphrases: ma/ate dehydrogenase #{149} oxa Iacetate, keto-enol tautomerization Substrates used for the assay of AST activity in serum deteriorate quickly because of bacterial contamination.
Chloroform has been suggested as a preservative for reagents in these assays (1-3), but we have found it ineffective for long-term preservation. Moreover, because of its insolubility, its introduction into the test causes turbidity and interferes with chromogenic reactions. Sodium azide, on the other hand, is soluble in water. While it has been used as an antimicrobial agent in preparative and analytical systems (4-7), it is a well-known inhibitor of the activity of many enzymes (8) (9) (10) (11) (12) . Although aside has been used as a preservative in an AST procedure (13) based on the method of Reitman and Frankel (14) , its use has not been well described. Clinical enzymology is plagued not only with a wide variety of methods, but also with subtle changes in concentrations and additions prescribed without adequate documentation (15, 16) . We have therefore examined the use of sodium aside as an antimicrobial agent in three popular assays for AST activity. 
Materials and Methods
The methods we used to measure AST activity in this study were the continuous-monitoring MDH-NADH-coupled assay of Henry et al. (17) , modified slightly as we have described previously (18 ) ; the diazonium salt procedure of Babson et al. (19) ; and the 2,4-dinitrophenylhydrazine method of Reitman and Frankel (14 ) . Assay rates were continuously monitored at 340 nm with either an "ACTA II" or a "Kintrac VII" spectrophotometric system (both from Beckman Instruments, Fullerton, Calif. 92634) equipped with thermocirculator-fluid baths (Haake Instruments, Saddle Brook, N. J. 07662). All kinetic enzyme assays were performed at 30 #{176}C, at which temperature the units are micromoles per minute. Spectral scans and absorbance in the colorimetric procedures [Babson et al. (19) , 530 nm; Reitman and Frankel (14) , 505 nm] were obtained with the ACTA II spectrophotometer.
MDH activity was determined by the method of Bergmeyer and Bernt (20) , modified by the use of freshly reconstituted, lyophilized vials of oxalacetate as the source of this substrate; the assay concentration of oxalacetate was 310 smol/liter. Pyruvate dinitrophenyihydrazones were formed in 0.1 mol/liter phosphate buffer (pH 7.5) in a manner similar to that of Reitman and Frankel (14) . All other chemicals were of reagent grade or higher purity. Distilled, de-ionized water ( "Millipore Super Q System"; Millipore Corp., Bedford, Mass. 01730) with a resistivity > 15 MWcm at 25 #{176}C was used throughout.
Normal human sera and sera with abnormally high AST activity, collected for a hospital clinical laboratory, were kept at 4 #{176}C and assayed within 24 h. Purified cytoplasmic AST was prepared from human liver by a modification of the procedure of Rej et al. (21 
Results and Discussion
Purified AST isoenzymes and pooled patient sera were assayed by continuous monitoring of reaction rate, with use of aspartate and 2-oxoglutarate solutions prepared with various concentrations of sodium azide. At assay concentrations up to 22 mmol/liter (143 mg of sodium azide per 100 ml), azide had no demonstrable effect on the AST activity of these samples (Table 1) . Similar results were obtained at AST activities over the following ranges (U/liter): Increasing azide concentration to 110 mmol/liter elicited a 15% inhibition of cytoplasmic AST activity and a 25% inhibition of the mitochondrial isoenzyme activity. Possibly this inhibition at high azide concentrations was due to inhibition of MDH, the coupling enzyme in this assay system (870 U/liter), rather than of AST itself. If so, low concentrations of aside could further influence results obtained in systems in which less MDH is used, such as that of Henry et al. (17) , in which 160 U/literis used. We found that azide at concentrations as great as 12 mmol/literhad no influence on the measured activity of 0.02 U of MDH per test (Table 2 ). Further increases in azide concentration did decrease measured MDH activity; but only about 50% inhibition was observed at 128 mmol/liter.
We conclude that azide in high concentrations directly affects AST activity.
When MDH was assayed in 8 (instead of 100) mmol of phosphate buffer per liter, a paradoxical increase in measured MDH activity occurred with increasing azide concentration. We attributed this increase to an azide-catalyzed tautomerization of oxalacetate. While crystalline oxalacetate exists in the enolic form (22, 23) only ketonic oxalacetate serves as the substrate for MDH (24, 25) . This hypoth- (26 ) and (b ) ketonic oxalacetate is the product of the AST reaction (24) .
We next compared AST values for patients' sera, determined in the absence of' azide and in reagents containing 7.7 mmol/liter azide. No significant difference
was observed in this comparison (Figure 1 ). At concentrations up to 25 mmol/liter, no effect of aside has been observed on the in vitro increase of AST activity produced by pyridoxal phosphate (27) . Azide (7.7 mmol/liter), incorporated into the substrate of the Babson et al.assay (19) , was to be similarly studied, but marked turbidity developed when the diazonium salt reagent was added to the substrate-sample mixtures containing azide. We therefore examined the effects of varied azide concentrations upon chromophore development in this assay. Substrates were preparedtogivefinal azideconcentrations from 0 to 25.7 mmol/liter, and oxalacetate was added at final concentrations of 0 to 530 mol/liter. The results (Table 3) show that A530 increases in the absence of 2 The attribution of this decrease to an aside-catalyzed decar- The aside influence on chromophore formation with diazonium salt prompted examination of the effect of aside at 15 mmol/liter on the dinitrophenylhydrasine reaction (Figure 2) . These data show no blank reaction with the chromogenie reagent in the absence of pyruvate and no distortion of the absorption spectra of the pyruvate-hydrazone. The antimicrobial effectiveness of incorporating aside in aspartate and 2-oxoglutarate solutions for the kinetic assay was examined by preparing these substrates with and without aside (7.7 mol/liter) and leaving them at room temperature (21 to 28 #{176}C). AST activities as measured with these substrate solutions are shown in Table 4 . Aspartate sub- It is not useful in the Fast Violet diazonium salt-coupled assaysbecauseitinterferes inthe chromogenic process. Caution is required because azide is an explosive and highly toxic material (4, 7, (28) (29) (30) (31) . A reagent concentration of 7.7 mmol/liter (50 mg/dl) is quite effective, while minimizing the chance of accidental exposure to toxic amounts.
